INTRODUCTION
In a 1988 paper titled ''Biological basis of the behavior of sick animals'' Benjamin Hart reviewed the changes in behavior observed in organisms experiencing immune system activation caused by infection or other pathologies. Such changes include decreased activity, decreased food intake, increased sleep, and reduced grooming. Prior to this, these changes had been considered to reflect a nonspecific malaise. However, Hart argued that ''the behavior of a sick individual is not a maladaptive and undesirable effect of illness but rather a highly organized strategy that is at times critical to the survival of the individual if it were living in the wild state'' (Hart, 1988) . There has been a long-standing debate on the beneficial effects of fever, which can impair the replication of many pathogens (e.g., influenza virus) while simultaneously enhancing immune activity. But Hart's concept extended biological significance to the behavior, because the behavioral response seemingly protected the sick animal. This insight became a turning point. Subsequently, there have been substantial efforts by many researchers to characterize the effects of illness and inflammation on behavior and to understand how the immune system signals the central nervous system to induce these behavioral changes. Kent, Bluthé, Kelley, and Dantzer (1992) speculated on the generality of the responses to infection and injury and named it ''sickness behavior.'' The behaviors that researchers have focused on include mobility, feeding, exploration, social interaction, sexual behavior, cognitive function, and sleep. In addition to these behaviors, anhedonia, or lack of interest in pleasurable stimuli, has also been studied. Such changes are frequently associated with infection or injury and related inflammation. They are considered nonspecific in the sense that similar symptoms occur in association with immune activation, resulting from a variety of different causes observed across species.
Much recent research has attempted to understand how the immune system signals the central nervous system to produce these behavioral changes. Currently the predominant hypothesis is that cytokines are mediators of these effects. Cytokines were discovered as messengers among the various components of the immune system, but with the revelation of the molecular identity of cytokines, it soon became apparent that they were essentially hormones secreted by immune cells and that they had physiological effects on nonimmune tissues. It has been known for some considerable time that endotoxin (also known as lipopolysaccharide (LPS), the active component of the cell walls of gram-negative bacteria) decreases feeding (McCarthy, Kluger, & Vander, 1984) . When it was learned that endotoxin was a potent stimulator of the synthesis and release of cytokines, such as interleukin-1 (IL-1), interleukin-6 (IL-6), and tumor necrosis factor α (TNF), it was natural to test their effects on behavior. McCarthy, Kluger, and Vander (1985) subsequently showed that rats injected periph-
